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Four electronic states arise from the first excited config-
uration of the CH radical (16?20?30 17?). Three of them,
A*A,B*3~,and C2X*, have been identified through elec-
tronic transitions from the ground 21 state and are reasona-
bly well characterized.! However, there is no direct spectro-
scopic information on the fourth, the g =~ state. Ab initio
CI calculations? suggest that it is low lying, only 0.63 + 0.12
eV above the X 2I1 state. This is consistent with a value of
0.742 + 0.008 eV determined from the photoelectron spec-
trum of CH ~.> No electronic transitions have yet been ob-
served between the quartet states of CH although the g *= ~
state must be metastable. The CH radical in its doublet states
is known to participate in a wide variety of chemical reac-
tions, e.g., in flames and combustion processes* and in the
interstellar medium.’ Since the @ *S ~ state is both low lying
and long lived, it is very likely to be involved in the chemistry
of CH also.

We report the first spectroscopic observation of CH in
the a *Z ~ state, in which spin components of the first two
rotational transitions have been detected in the far infrared
by laser magnetic resonance.® The molecule was generated in
a discharge-flow system in the reaction between fluorine
atoms and methane (with a trace of oxygen added) or be-
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FIG. 1. A portion of the laser magnetic resonance spectrum of the CH radi-
cal in the @ *Z ~ state, recorded in perpendicular polarization (o) with the
331. 3 um line of N, H, (Ref. 8). The partial pressures used for recording
this spectrum were p(He) = 110 Pa, p(F,) = 6 Pa, p(CH, ) =2 Pawitha
small trace of O, ( ~1Pa) added to the F, discharge. The rotational transi-
tioninvolved is N = 1~0,J = }«3. The spectrum consists of three separate
M, components, each split into a doublet by the proton hyperfine structure.
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tween oxygen atoms and acetylene at a total pressure of
about 1 Torr. Experiments with *0, showed that the carrier
of the spectrum did not contain oxygen. Several resonances
associated with the N = 10 transition of *X~ CH were
observed at three separate laser wavelengths (333.3, 332.1,7
and 331.3 um®) while those for the N = 2 — 1 transition were
observed at two wavelengths (166.7 and 166.6 um). Each
observed Zeeman component consists of a well split doublet
arising from proton hyperfine structure. This doubling can
be seen in Fig. 1 which shows a portion of the spectrum
recorded with the 331.3 um laser line. The analysis was com-
plicated by the presence of other radicals in both the reaction
mixtures used. Many of these other species also caused sig-
nals with a doublet structure and it was far from clear before-
hand which lines were to be associated with CH.

Preliminary measurements of 67 lines in the CH spec-
trum have been fitted with an effective Hamiltonian for a
molecule in a *Z state.® The standard deviation of the fit is
5.5 MHz; the values of the molecular parameters obtained
are given in Table 1. The assignment of our observations to
CH in its a *3 ~ state is based on

(i) the chemical methods used for the production of the
spectrum,

(ii) our ability to fit all aspects of the Zeeman and hy-
perfine structure to a model Hamiltonian for a *= state, and

(iii) the reasonable accord between the parameter val-
ues obtained in the fit and those expected for CH in the
a *3~ state. For example, Lie et al.2 have calculated values
for B, and D, tobe 452.4 GHz and 43.2 MHz, respectively,
which agree well with the values in Table I. It is also possible
to estimate the proton Fermi contact parameter b, from the

TABLE I. Preliminary values (in MHz) for the molecular parameters of
CHinv = Olevel of thea *S ™ state, from the analysis of its LMR spectrum.

B 451 138.78(70)* D 44.53(10)
A 2783.99(80) ¥ —21.8(62)
be 106.6(18) c 62.3(69)

*The figures in parentheses represent 1o of the least-squares fit, in units of
the last quoted decimal place.
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value measured for CH in the A %A state'® (which arises
from the same configuration). The value obtained of 180
MHz is comparable with that determined from the spec-
trum.

It is of course an assumption that our spectrum refers to
CH in thev = Olevel of the @ *X~ state. However, past expe-
rience with discharge-flow reactions suggests that this is
quite probable.

It is necessary to make more careful measurements of
the identified resonances and to extend the observations to
other laser lines. A complete analysis of all the data will then
yield an optimum set of molecular parameters for CH in the
a *3 ~ state. The observation of this spectrum is yet another
tribute to the remarkable sensitivity of the laser magnetic
resonance technique.

*) Work supported by U.S. Government, not subject to copyright. Support-
ed in part by NASA Contract No. W-15,047.
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Note on the finite number of interacting neighbors and the finite number
of k-point effects on the total electronic energy of a metallic polymer
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Let us consider a SCF LCAO method with the ZDO
approximation. The Hartree—Fock exchange enters the total
energy of the metallic state of an infinite linear polymer bear-
ing one orbital per unit cell through a term porportional to
the integral:

-]
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where £(3)~=1.202 056 903 159 594 28540 is Rieman’s
zeta function of 3. In practical calculations the above inte-
gral is not calculated in the exact way. Inclusion of only a
finite number of neighbors, &, corresponds to a truncation of
the infinite sum in Eq. (1) at the ¥ th term; whereas a finite
number of the points in & space, M, corresponds to approxi-
mation of the integrals through a M-point trapezoidal qua-
drature.

In real systems, the situation is much more complicated,
since each unit cell possesses many orbitals and the real Cou-
lombic interaction does not die off exactly like 1/R, the mag-
nitude of the electron—electron interaction cannot be evalu-
ated analytically like in our simplified model. However, the
goal of the present communication is to demonstrate how
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the truncation of the number of interacting neighbors and
the finite mesh in & space contribute to the error in the calcu-
lated electronic energy of a polymer.

The approximate integral that bears both the effects of
the sum truncation and the finite quadrature assuming the
trapezoidal rule reads

N
I= Y 2n73[1— (= 1)"](ucotu)?, (2)
n=1
where
u=nn/(2M - 2). (3)

The analytical form of the approximate integral (2) allows
us to study the errors in both a numerical and analytical way.
First we present the results of numerical calculations.

One of the immediate conclusions from the inspection of
TableIis that the error diminishes quite slowly with increas-
ing N and M. The M —? type of asymptotics in error can be
expected from the general theory of the trapezoidal quadra-
ture as applied to polymer electronic theory,? while the N =2
type of asymptotics is characteristic to metallic polymers.?
For insulators the error dies off exponentially with increas-
ing N.>® There is one interesting observation concerning

© 1988 American Institute of Physics

Downloaded 19 Aug 2002 to 132.163.136.56. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/jcpol/jcpcr.jsp



